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Abstract 
Gas sensors based on oxygen plasma functionalised MWCNTs and plasma-treated nanotubes decorated either with gold 
nanoclusters or tin oxide nanoparticles were evaluated for the detection of NO2, CO and ethylene. The sensor active layers were 
deposited by airbrushing onto micro-machined silicon transducers. Sensitivity, linearity, selectivity, response and recovery times 
and humidity effect were studied. XPS and TEM were employed to analyse the gas sensitive films. Among the different sensors 
tested, those based on tin oxide decorated MWCNTs showed the highest sensitivity to NO2 (at ppb level) and the lowest humidity 
cross-sensitivity when operated at room temperature. 
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1. Introduction 
Multiwall carbon nanotubes (MWCNTs) have been attracting scientific and technological interest for gas sensing 
due to their inherent electrical, thermal and high specific surface area properties. Since pristine CNTs are rather 
inert, in last decade, different tends for increasing their performances depending on the application area. On the gas 
sensing field and in view of increasing surface reactivity to gases, several strategies such as surface 
functionalisation, CNT surface decoration with noble metal nanoclusters [1] or mixing CNTs and metal oxides [2] 
have been used. 
2. Material preparation and characterization 
MWCNTs obtained from Nanocyl, S.A.[2], were functionalized by inductively coupled plasma at a RF frequency 
of 13.56 MHz in the presence of oxygen. Plasma treated nanotubes were decorated either with gold nanoclusters by 
thermal evaporation or by SnO2 nanoparticles based on a precipitation process. Carbon nanotubes powder was added 
to a tin (IV) acetate solution in acetic acid and a precipitation method was implemented for obtaining tin oxide 
nanoparticles on nanotubes’ walls [3] (fig.2). The MWCNT based materials were then diluted in an organic vehicle 
and airbrushed onto silicon micromachined substrates (fig.3). A thermal treatment ensured the complete removal of 
organic vehicle without affecting the decorated nanotubes. 
Fig.1 shows the XPS analysis and TEM image of gold decorated MWCNTs. Au nanoparticles have a good 
dispersion homogeneity. Fig.2 shows a TEM image of SnO2 decorated MWCNT. 
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Fig. 1:  a) XPS analysis on Au decorated MWCNTs; b) TEM image of Au decorated MWCNTS 
 
 
 
 
 
 
 
 
 
 
Fig. 2: TEM image of SnO2 decorated MWCNTS                                          Fig. 3:  silicon micromachined of 4 arrays sensors 
4. Sensor fabrication and characterization  
3.1 Sensor fabrication 
 
For gold-decorated nanotube sensors, the solution of untreated carbon nanotubes was airbrushed onto silicon 
micromachined substrates and then functionalization and metal decoration steps were successively implemented.  
The SnO2 decorated carbon nanotubes were obtained by adding oxygen plasma functionalized nanotube powders to 
a tin (IV) acetate solution in acetic acid. Based on a precipitation process, which is described in [3], SnO2 
nanoparticles stick to nanotubes’ walls. The removal of non-stuck tin oxide nanoparticles is ensured via thorough 
cleaning in distilled water. Figure 3 shows an optical microscope image of a carbon nanotube based microsensor 
before encapsulation. 
 
3.2 Sensor characterization 
 
The sensors’ responses to NO2 (50 ppb to 1 ppm), CO (2 to 20 ppm), C2H4 (3 to 30 ppm) and moisture (50% and 
80%) were obtained at operating temperatures of room temperature (R.T.) and 150ºC. To assess the reproducibility 
of results, each measurement was replicated 4 times and sensors from different fabrication batches were tested. 
 
5. Results and discussion 
Here we report on the gas sensing properties of oxygen plasma functionalised MWCNT decorated with either 
gold nanoclusters (∼10 nm) or tin oxide nanoparticles (3 to 5 nm). Plasma treatment cleans the nanotube surface, 
creates defects and grafts functional groups (e.g. carbonyl and carboxyl), which act as nucleation sites for metal 
nanoclusters and tin oxide nanoparticles as revealed by XPS.  
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SnO2/MWCNT sensors showed response to ethylene at R.T. (see fig. 4) and significantly higher sensitivity to 
NO2 than Au/MWCNT or O2/MWCNT sensors (fig.5). However, O2/MWCNT sensors showed the highest 
responsiveness to moisture (Tab.1), which can be explained by the hydrophilic character of O2/MWCNTs. When 
working at R.T., sensors showed good stability and baseline recovery (fig.6). Faster baseline recovery was obtained 
by heating at 150ºC, which promoted cleaning of the sensor surface. SnO2/MWCNTs shows higher ethylene 
detection at room temperature than at 150ºC. 
 
 
Table 1: Humidity effect on three networks based on MWCNTs. Responsiveness is defined as: S=(Rh2o-Rair)/ Rair 
 
Active layer S-RH-50% S-RH-80% 
SnO2/CNTs 3,62E-02 4,46E-02 
O2/CNTs 4,38E-02 1,00E-01 
Au/CNTs 2,14E-02 1,38E-01 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Average responsiveness and linearity of SnO2/CNTs sensor for the detection of ethylene at room temperature and 150ºC. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5: responsiveness and linearity of SnO2/CNTs, O2/CNTs and Au/CNTs sensor for the detection of NO2 at room temperature. 
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Fig. 6: Stabilization of the sensor signal when using SnO2/CNTs for NO2 detection at room temperature. 
 
 
6. Conclusions  
The treatment of carbon nanotubes by different ways results in different reactivity of the nanotubes based 
materials. SnO2/MWCNTs show high sensitivity, good stability, lower gas concentration detection and low 
operating temperature, which make this material very promising for gas sensing applications. Our future work will 
consist in optimizing the SnO2 coverage on the nanotubes’ walls in order to optimize sensor performance. 
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